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In situ epitaxial growth ofYBa2Cu30 7 _" thin films on Y-cut LiNb03 substrates using a 
standard laser ablation technique is reported. Resistance of the films shows a normal metallic 
behavior and a very sharp ( < 1 K) superconducting transition with Tc (R = 0) of 92 K. High 
critical current density of Je (77 K) = 2x 105 A/cm2 is observed, which is in accordance with 
epitaxial growth. Film orientation observed from x-ray diffraction spectra indicates that the c 
axis is normal to the substrate plane and the a axis is at 45° to the [11.0] direction of the 
hexagonal lattice of the substrate with two domains in mirror image to the (110) plane. 
Since the discovery of high-temperature superconduc-
tors, a great deal of work has been done on the fabrication of 
high quality thin films of these materials, especially 
YBa2Cu307_..,' on a variety of substrates by a number of 
different techniques for various purposes, When the sub-
strates used have a very close lattice match with 
YBa2Cu30 7 .." epitaxial films with high critical currents are 
produced. SrTi03 substrates usually give the highest quality 
films and have been used extensively for the study of various 
transport properties in thin films. I For high-frequency pur-
poses, such as microwave studies, substrates with lower di-
electric constants, such as the gallates and aluminates, have 
been used. These substrates have also yielded high quality 
epitaxial fiIms. 2•3 Recently, there have been reports on the 
growth of epitaxial YBaZCu30 7 _ /j film even on substrates 
with poor match oflattice constants, such as MgO (Ref. 4-). 
This is interesting not only from a practical point of view but 
also for the understanding of the growth mechanism itself. 
We report here yet another example of such a case, the obser-
vation of epitaxial growth of YBa2Cu 307 -,5 films on 
LiNbO,. 
LiNbOl substrates are of special interest for acoustic 
devices and optoelectronics since they have very high elec-
troacoustic and electrooptic coefficients. There have been a 
few reports about successful deposition of YBa2Cu,07 __ b 
films on UNbO, with T, varying from 55 K (Ref. 5) to 91 K 
(Ref. 6). Rece~tly Hohler et al. 7 reported on in situ growth 
of highly textured YBa1Cu\07 _ I) films on Y-cut LiNb03 
substrate by using de magnetron sputtering with a sintered 
YBa1Cul 0 7 _ ti target. The films had Tc (R = 0) of88 K and 
a high critical current density [.", (77 K) = 2X lO'A/cm"J. 
In this letter we report on in situ expitaxial growth of 
YBa1Cu,0 7 _ ,\ thin films on LiNb03 substrates by the laser 
technique." A neodymium: yttrium aluminum garnet 
(Nd:Y AG) laser was used to ablate a sintered 
YBa2Cu30 7 "target. The substrate temperature during de-
position was about 700°C and the deposition was done in 
about 0.2 Torr O 2 pressure. LiNbO, substrates turn black in 
vacuum at high temperatures but return to their original 
lightly yellowish clear color at low temperatures. Optically 
polished Y-cut single-crystal substrates (from Crystal Tech-
nology) were used. The Y cut was chosen because the piezo-
electric effect is the highest along the Z direction in the X-Z 
plane and the films were to be used in a separate acoustic 
attenuation experiment. Film thicknesses were measured 
with a profilometer and ranged from 0.2 to 1 pm. More de-
tails on the parameter and procedures for the film deposition 
have been described in Refs. 2 and 8. 
Several films have been deposited with either the sec-
ond- or third-harmonic pulses of the Nd:YAG laser (532 
and 355 nm, respectively). The fUms produced by the longer 
wavelength pulses usually have a partially dun black appear-
ance, while those using the shorter wavelength pulses have a 
shiny smooth black appearance. Inspection revealed no pin-
holes and no precipitates in any of the films. Shiny tilms have 
particulates of the size of typically O.S pm in diameter and 
500;\ in height (measured withaprofi.lometer) on top of the 
surface. On the dun part of the film the same size structures 
form clusters, thus scattering visible light more strongly 
with the film looking a little dull to the eye. Although the 
surface morphology of the film depends on the film depo-
sition conditions, there is no significant difference from film 
to film regarding Tc and resistivity values. The composition 
of the film presented here was measured by Rutherford 
backscattering spectra to be Y:Ba:Cu = 0.37:0.60:1, which 
is a few percent off from the ideal stoichiometry. It is quite 
common that in situ grown high quality films can allow 
moderate composition variations by presumably all.owing 
nonstoichiometric components between layers. 
Measurements of the resistivity and critical currents 
versus temperature were carried out on a strip which was 
patterned by an excimer laser on a O,2-.um-thick film to con-
nect two contact pads. Figure 1 shows the resistive transition 
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FIG. ]. Resistivity and critical current density vs temperature of 11 O.2-llm-
thick. SO-,um-wide, and 200'fim-Iong laser-patterned linc_ 
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FIG. 2. X-ray diffraction (1·-2& scan in the symmetric Bragg mode with the 
probing din:ction perpendicular to the film surface. 
and measured critical current density for the patterned line. 
The room-temperature resistivity of this film is 700 pH em. 
Several thicker films ( -1 pID) have also been measured and 
shown lower resistivity which is believed due to less diffusion 
in the bulk of the film. The diffusion of Nb and Li atoms in 
the film has been investigated by secondary-ion mass spec-
trometry (SIMS) and inductively coupled plasma atomic 
emission spectrometry (ICP-AES) Y The diffusion of Nb 
atoms is negligible, but Li atoms diffuse up to the surface 
presumably because they are light and actually the Li con-
centration is peaked at the fUm surface according to the 
SIMS profile. Total concentration of Li atoms in the film 
determined by ICP-AES 18 less than 1000 wt. ppm which 
corresponds to one Li atom per ten unit cells of 
YBa2Cu30 7 _ b assuming a uniform distribution. The con-
centration ofLi atoms in the bulk is much lower so that the 
structure and Tc of the film are unaffected, but it is enough 
to substantially increase the normal-state resistivity. In Fig. 
1 the resistivity decreases with a slight downward curve. But 
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FIG. 3. Grazing-incidence. 0-2Bscan with the probing direction parallel to 
the film surface and perpendicular to the [00.1 I plane of the LiNbO I sub-
strate. 
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FIG. 4. (iJ scan through (110) of the film around the film's normal. 
most of the thicker films, which are not shown here, have a 
linear temperature dependence of the normal-state resis-
tance. The superconducting transition is very sharp ( < 1 K) 
and Tc (R = 0) is 92 K, which is among the highest reported 
for 1-2-3 films. The critical current density of the film is 
2X 105 A/cm2 at 77 K and 8X 105 A/cru2 at 7 K. These 
values are lower than those of epitaxial films on SrTi03 (Ref. 
2), which might be due to both diffusion of Li atoms and 
heavy twinning of the film, but substantially larger than 
those of polycrystalline films. High critical current density is 
often indicative of epitaxial growth. More convincing evi-
dence for epitaxy, however, is provided by the x-ray analysis 
that fonows. 
Figures 2-5 show x-ray diffraction spectra of the film. In 
the out-of-plane 8-2B scan, i.e., in conventional Bragg reflec-
tion with the probing direction perpendicular to the surface 
(Fig. 2), essentially only (00l) reflections are observed indi-
cating that the c axis of the film is perpendicular to the sub-
strate surface. Figures 3-5 show grazing-incidence diffrac-
tion spectra, with the probing direction parallel to the 
surface. 10 Figure 3 shows a o-ze scan with the probing direc-
tion perpendicular to the substrate's [00.1] plane. Note the 
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FIG. 5. Grazing-incidence 8-2fJ scan with the sample turned 45" from the 
azimuth of Fig. 3. 
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substrate's [00.61 reflection at 19°. Essentially, only the 
(110) and (220) reflections of the films are visible. How-
ever, a very small amount of (020) and (200) is present. 
Figure 4 shows an (,) scan, with the detector fixed at 
20 = 32.72", the Bragg angle for the (l 10) reflection. 
Three peaks, spaced 90°, prove the orientation 
relationship YBU2CU,07 b ClIO) IILiNBO~ [00.1] and 
YBa2Cu j 0 7 ",(flO)I!LiNbO,[11.0], which has also been 
observed by H6hler et al. 7 Figure 5 shows a 0-20 scan with 
the sample turned 45° from the azimuth of Fig. 3. The split-
ting of the (020) and (200) reflection indicates the ortho-
rhombic structure of the film with two domains twinning 
along the (110) twin plane. The (010) and (100) planes in 
domains 1 and 2, respectively, are not para!lel, but enclose an 
angle of about 0.55° due to orthorhombicity of the film. Also, 
a minor domain « 1%) with YBa2Cu,07 b ( 100). 
(010) II LiNbO, [ 11.0 Ll OO.l} is found. 
Epitaxial growth of YBa:,CU~07 Ii /Urns on LiNBO, is 
somewhat surprising because of the poor lattice match be-
tween the two materials. LiNb03 has trigonal symmetry" 
and the surface of a Y-cut crystal has a rectangular atomic 
arrangement with a unit cell of5.148 >< 6.932 A. The shorter 
side of the substrate's unit cell is closer to the diagonal (5.45 
A) in the a-b plane of the YBa2Cu,07 ,\ films (a = 3.822 A, 
b = 3.891 A) but is still far off compared with SrTi01 or 
gallates. It is not clear at the present time what determines 
the film orientation in the direction described above. We 
would like to point out that grazing-incidence x-ray diffrac-
tion only prohes the top few hundred angstroms of the film. 
More systematic study at the interface is needed to fully un-
derstand the growth mechanism of epitaxial YBa1Cuj 0 7 " 
films on LiNED). 
In summary, thin epitaxial YBa1Cu,07 . i'i films on 
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LiNbO, substrates have been successfully grown ill situ by 
the laser ablation technique. High Tc and high critical cur-
rent density are observed in these films. X-ray diffraction 
spectra show epitaxial growth of the film with two domains 
rotated 90° to each other. 
The authors would like to thank M. Wittmer for the 
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